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INTRODUCTION 
Snorter dwarfism is an autosomal recessive hereditary 
defect in beef cattle which reached proportions of economic 
significance to the industry in the United States during 
the 1950®s. Although Snorters were observed in private 
herds in the early 1940's, they were not reported in the 
technical literature until 1950. Dwarf frequency increased 
during the early 1950's, apparently reaching a maximum 
sometime between 1954 and 1956, and dwarf losses have evi­
dently been gradually decreasing in recent years. 
Two possible explanations for the relatively rapid in­
crease in Snorter dwarfism are: 1) The original mutation 
may have occurred in a prominent sire several generations 
previously; then the extensive use of his sons would place 
the gene in many seedstock sources. 2) Selection preference 
for hétérozygotes would tend to increase the number of 
heterozygous animals retained for breeding, and conse­
quently increase the number of dwarfs born each generation. 
The present study of growth patterns in dwarf and normal 
animals was undertaken in 1953 in an effort to test the hy­
pothesis that carrier (heterozygous normal) animals did not 
differ in phenotype from clean (homozygous normal) animals. 
It appeared logical that any phenotypic selective advantage 
possessed by carriers would be expressed by one year of age 
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or perhaps earlier, in order for selection to have increased 
the frequency of the gene. The age at the earliest expres­
sion of these phenotypic differences, if such exist, and 
whether they increased, persisted, or diminished with addi­
tional age were unknown at the outset. Repeated measurements 
of individual animals during the first year of life were 
expected to provide some answers to these questions. 
If, after analysis of the results, phenotypic differ­
ences between clean and carrier animals were sufficiently 
large, these might be used to predict genotypes among normal 
animals. This was the primary practical objective of the 
study. If the differences found were considered real, but 
were too small to be of diagnostic value, this would tend to 
substantiate the theory of selection preference for hetero-
zygotes. However, if no differences were found, the results 
would tend to refute the theory that breeders had exercised 
phenotypic selection preference, at least for the measures 
studied. Finally, the results would furnish an objective 
comparison of certain physical characteristics of dwarf and 
normal calves. 
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REVIEW OF L ITERAT LTE 
A few lethal or sub-lethal characteristics have been 
described which produce some slight economic advantage in 
heterozygoses. Gustafsson (1947) stated that with certain 
lethal .récessives known in barley the dihybrid production 
exceeded that of the monohybrid, and the latter in turn was 
superior to homozygous normal barley. 
Landauer and Chang (1949) described a simple recessive, 
the "Ancon" or "Otter" sheep, which was first observed in 
Massachusetts in the late 13th century. Homozygous réces­
sives (dwarfs) were less active than normals, had much shorter 
legs, and females had a tendency to c.lub-footedness, but 
otherwise led reasonably normal productive lives. Their short 
legs prevented Ancons from jumping over stone fences of only 
moderate height, thus giving this mutation some temporary 
economic advantage. Although currently maintained for ex­
perimental studies, the Ancon sheep are not considered eco­
nomically useful. 
Stern et al. (1952), in a study of 75 lethals in Dro-
sophila melanogaster, found an average decrease of viability 
of approximately 3.5% for a heterozygous lethal carrier. 
However, some lethals actually increased viability of hétéro­
zygotes as much as 30% while others decreased it by nearly 
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40%. Similar data dealing with viability of carriers of the 
Snorter dwarf gene would be of academic interest, but almost 
impossible to obtain, since under farm conditions carriers, 
once identified, are usually sold or handled separately from 
animals presumed clean. 
In a study of the vital statistics of the Dexter cattle, 
Young (.1953) stated that 
...the damaging effects of a lethal which does not 
frequently result in maternal death at parturition 
could be overemphasized.... calf losses can even ex­
ceed 50% without extinguishing all hope either of 
breed expansion or breed improvement by selection. 
While this relationship may have been evident in his data, 
surely some esthetic values must far outweigh any practical 
economic considerations in a breeder's choice of animals with 
such a handicap. 
Johnson e_t al. (1950) first suggested that Snorter 
dwarfism was caused by a simple autosomal Mendelian reces­
sive. Their hypothesis was confirmed by several reports in 
which larger numbers were studied (Gregory et. _al. 1951, and 
1953; Lush and Hazel, 1952; Pahnish e_t _al. 1955). The Com-
prest dwarf in Herefords (Chambers _et _al. 1954), although 
phenotypically similar to Snorters, differed from them in two 
important respects; 1) Comprest dwarfs, in addition to the 
typical Snorter syndrome, had crooked, often extremely bowed, 
front legs and were considered less viable; and, 2) carriers 
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of the Comprest gene were easily distinguished from homozygous 
normal animals at breeding age. Reports dealing with the 
Snorter, Comprest, and similar dwarf forms and research re­
sults of work in this area have recently been reviewed 
(Bovard, I960). 
Sollas (1909) reported a lethal dwarf condition in guinea-
pigs in which the affected offspring die at birth. A study 
by Green (1940) disclosed that all dwarf rabbits were still­
born and hétérozygotes were smaller than homozygous normals at 
maturity. Snell (.1929) described a different type of dwarf mice 
which was only l/4 normal size when mature but was indis­
tinguishable from normal sibs until the 13th or 14th day of 
age. Following tùis the pug-nosed characteristic of dwarfs 
became more distinct. Both male and female dwarf mice were 
sterile. King (1950) described a recessive pygmy mouse in 
which both sexes were also sterile. Strong (1948) reported 
a slightly more viable form of dwarfism in mice in which two 
dwarfs which lived to puberty produced all dwarf offspring 
when mated together. 
Among the reports of dwarfism in cattle, guinea pigs, rab­
bits and mice reviewed above, and in other species reviewed be­
low, the general pattern indicates that the more inviable the 
recessive dwarf (i.e., lethal at birth or soon after), the ear­
lier and more easily the heterozygote may be distinguished 
6 
from the homozygous normal animal. Because Snorters, as com­
pared with either Comprest or Dexter "bull-dog" dwarfs in 
cattle, are relatively more viable, the difficulty in find­
ing reliable diagnostic criteria for phenotypic identifica­
tion of heterozygotes is more easily understood ex post facto. 
This relationship does not enhance the likelihood of an early 
nor a simple solution. 
Following the favorable report by Gregory e_t ajl. ( 1953) 
of the diagnostic value of head measurements of normal bulls, 
Cooper (1957) analyzed results of profilometer readings and 
several head measurements from experimental dwarf and normal 
animals, most of which are contained in the present study. 
Genotypes of most normal animals were unknown, but Cooper con­
cluded 
...the effects [of the dwarf gene] are too small, 
even if they are real, for head measurements such 
as those studied here to ever attain much useful­
ness in discriminating between heterozygous and 
homozygous normal animals. 
A radiographic technique for predicting genotypes of 
normal animals described by Emmerson and Hazel (1956) was ap­
plied to all animals in the present study. Preliminary re­
sults of field application of the X-ray technique by Hazel 
et jal. (1956) showed that 85 of 336 X-rays from presumed 
dwarf-free calves exhibited some vertebral abnormality. 
Later reports by Hazel (1957), High e_t al. (1959), and Rankin 
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ejt ajl. ( 1959) showed that approximately 20% of clean-pedigreed 
calves would be misclassified by the X-ray technique. A 
smaller fraction of known carriers would also be misclassi­
fied as clean due to lack of abnormality. 
Sawin and Crary (1957) studied an incompletely dominant 
dwarfing process of the dachs gene in rabbits, concluding 
...the typical characteristics of chondrodystrophy, 
namely reduction in size and premature fusion of 
endochondral bones of the skull, which are usually 
manifest in other species, also tend to be present 
in the dachs [dwarf] rabbit. 
In dwarfs they found a generalized reduction in length of 
most vertebrae, but in heterozygotes a slight increase, over 
that in homozygous normal rabbits. Differences between dwarf 
and normal in vertebral widths were relatively much less than 
those in length, with dwarfs significantly (P <.01) less 
than normal only in the lumbar region. KnHtzke (1929) found 
vertebrae of c h ondrodystrophic humans broader in the lumbar 
region than normal. Sawin and Crary found the dachs shorter 
(P <.01) than normal with carriers intermediate in metacarpal 
length. Differences among genotypes in metacarpal width were 
negligible. They concluded that the regional effects of the 
dachs gene on the axial and appendicular skeleton were simi­
lar in general pattern to those of other known chondrodystro­
phies. 
GrUneberg (1955b) found more severely abnormal vertebrae 
in male mice than in females carrying the bent-tail gene. 
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Several workers have reported that lumbar abnormality of male 
calves exceeds that of females. In another report, Gruneberg 
(1955a) concluded that knowing the primary effects of any 
major skeletal gene still does not permit accurate prediction 
of its influence on any minor skeletal character, and that 
the particular genetic background on which a major gene is 
superimposed will further influence its expression. This sup­
ports the statement by Turman et a_l. (1957) regarding mis-
classifications of some of their radiographs of beef calves : 
"... it may be very important to consider that the exceptions, 
in both the heterozygous and homozygous recessive groups, in­
volved either Comprest breeding or crossbred matings." 
In a study of a different dwarfing gene (dw) in rabbits, 
Crary and Sawin (1949) stated that ossification centers of 
the appendicular skeleton appeared l/2 to 3/4 day later in 
heterozygoses than in homozygous normals ; recessives were 
lethal and died at 3 days of age. They concluded that the 
dwarf gene had much more influence upon longitudinal growth 
than did general race differences in their study, and that its 
retarding influence upon skeletal growth of the forelimb ex­
ceeded that of the hind limb. 
Brailsford (1934) distinguished between chondro-osteo-
dystrophy and achondroplasia, which both produce dwarf skele­
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tons, in that the former show marked irregularities in ossi­
fication demonstrated at the metaphyses, whereas the latter 
show no evidence of such departure from normal. Dawson (1935) 
showed that epiphyseal union in the humerus, radius, tibia and 
fibula occurs at 6-8 weeks in normal mice, but not until 6-8 
months in dwarfs - Tyler _et al. (1957) found no dwarf-normal 
differences in stage of fusion in the appendicular epiphyseal 
lines among Hereford cattle, although Julian ejt _al. (1957) 
reported premature closure of the sphenoid-occipital junction 
in dwarf cattle similar to results of Sawin and Crary (1957) 
with dwarf rabbits. 
When the Russian geneticist, Studitsky, claimed that 
Creeper chickens were the result of defective endocrine em-
bryological development, Landauer (1946) replied that 
...one of the few conclusions which available 
evidence permits one to draw concerning the causa­
tion of chondrodystrophy is that humoral agencies 
play no part in the origin of this skeletal ab­
normality. ...Homozygous Creeper embryos generally 
die at the end of the third day of incubation, 
that is prior to the appearance of any glandular 
tissue, endocrine factors are excluded as a possi­
ble primary cause. It is for this reason that a 
study of endocrine glands of Creeper fowl seemed 
pointless. 
If the action of the Snorter dwarf gene upon the embryo pre­
cedes embryological development of the endocrine system, sub­
sequent endocrine differences may be considered as secondary 
effects. To whatever extent the action of the Snorter gene 
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corresponds with that of the dwarf genes in other species re­
viewed above, closer examination of skeletal variations, es­
pecially ossification patterns, would seem justified. 
Analyses of blood components of dwarf and normal cattle 
have been conducted and reported by workers at the California, 
Florida, Indiana, Iowa, Missouri, Oklahoma, and South Dakota 
stations. Blood studies were conducted by Swiger (1957) with 
several of the animals contained in the present growth study. 
He concluded that differences between genotypes were too small 
relative to the total variation to be of practical diagnostic 
value. A similar but more extensive study of blood character­
istics was conducted by Temple (1959) using some of the same 
and some animals in addition to those used by Swiger. Temple 
concluded 
Carrier and clean calves differed significantly in 
their [blood cell] fragility values, but no accurate 
classification of individual genotypes was possible. 
None of the other characteristics of the blood 
seemed to offer any accurate means of discriminating 
between genotypes. 
Thus, in spite of early promise shown by blood studies, after 
more thorough investigation the diagnostic value of this 
technique seems to be limited. 
Important limitations upon interpretation of dwarf re­
search results have been imposed by the necessity of working 
in most cases with normal animals of unknown dwarf genotype. 
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Another severe limitation which has been true for most anatomi­
cal and physiological characteristics investigated to date is 
that no previous standards for "normal" had been established. 
Continued research to provide more reliable estimates of 
several anatomical and physiological parameters would there­
fore seem justified. 
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III .  MATERIALS AND METHODS 
In much of the following discussion the terms clean, 
carrier, and dwarf will be used to refer to the genetic 
classes homozygous normal, heterozygous normal, and horao-
sygous recessive, respectively. Using N to represent the 
dominant gene for normal growth, and n its recessive allele, 
these genetic classes will also be represented as NN, Nn, 
and nn, respectively. The term "dwarf" refers to Snorter-
type unless otherwise indicated. 
A. Source of Animals 
All animals included in ttiis experiment were purebred 
Herefords maintained at the Iowa State University experimental 
farm near Ankeny, Iowa. Except for two Hereford dwarfs ob­
tained from outside sources, all animals were born and raised 
at Ankeny. The numbers of animals alike in sex, phenotype, 
and birth-year are shown in Table 1. Among normal females, 
8 and 3 were from the Nagel and Missouri lines, respectively; 
among normal males, 18 and 3 were from tnese same lines, 
respectively; one male dwarf was from tne Nagel line; all re­
maining dwarf and normal calves were from the carrier test herd. 
The Nagel line is mildly inbred and contains the dwarf gene 
in low frequency. Foundation animals in tne Missouri line 
came from a herd closed to outside breeding since 1919 and all 
were presumed to be dwarf-free. The carrier test herd was 
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Table 1. Numbers of animals included in growth study 
Year of birth 
Phenotype Sex 1952 1953 1954 1955 1956 Tot 
Dwarf Female 3 3 1 2 9 
Male 1 5 1 1 8 
Total dwarf 4 8 2 3 17 
Normal Female 1 17 13 16 17 64 
Male 15 24 13 14 66 
Total normal T 32 37 29 31 130 
Total 1 36 45 31 34 147 
composed of known dwarf-producing cows donated by breeders in 
Iowa and from several surrounding states. 
B. Estimation of Genotype 
A serious limitation of earlier dwarf research with the 
same group of animals (Bovard, 1954; Bovard et_ al., 1956; 
Cooper, 1957; Emmerson and Hazel, 1956; Swiger, 1957; and 
Temple, 1959) was that the true genotypes of many animals 
were unknown. In addition, genotypic comparisons which in­
cluded cattle from the Missouri inbred line were necessarily 
confounded with differences in the remaining genetic back­
ground. This difficulty was largely corrected by test-mating 
normals of unknown genotype to dwarfs where possible and/or 
to known carriers. In addition to accumulating progeny test 
information on the normal parents more rapidly, using a dwarf 
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as parent provided progeny of known genotype. Among the known 
carriers in the present study, 7 females and 3 males were pro­
duced in this manner ; the remainder were identified by progeny 
test. 
For each normal animal not proven carrier, a pedigree 
estimate of its probability of being a carrier was made using 
the relationship 
p - 2(Pl+P2-PlP?) 
Nn » 
4-p1P2 
where P^n is the probability of being Nn, and p^ and p2 are 
the P^n values for each parent (Lush, 1945). An independent 
estimate of an animal's P^,n was obtained from progeny testing 
using the relationship P^n = (1 - q/2)X, where q is the 
frequency of the dwarf gene in the tester stock, and x is the 
number of test offspring (Kidwell, 1951). A pooled P^ value 
for animals not proven to be carrier , was then obtained as 
the product of the pedigree and progeny test P^ values. Fu­
ture reference to animals' PNn values will be to those ob­
tained in this manner. Analyses in which the P^n value was 
used as the dependent variable were made using the arc sin 
transformation to represent individuals values (Kempthorne, 
1952). For the present study no new progeny test information 
was added after July 1, 1960. The resulting distribution of 
PNn values is shown in Figure 1. 
Figure 1. Distribution of calves' PNn values 
V) 
<D 
o .20 .40 .60 
</> 
a> 
o 
E 
a> 
U_ 
m 
0 20 .40 .60 
P r o b a b i l i t y  of b e i n g  N n  
.80 1.0 
.80 1.0 
17 
C. Description of the Data 
1. Body measurements 
Measurements originally chosen for study were those (1) 
which showed obvious or apparent dwarf-normal differences by 
4-6 months of age, (2) which preliminary results with the 
X-ray technique suggested the dwarf gene might affect (e.g., 
loin width and tail length), and (3) which were easily 
measured anatomically related characters (e.g., width of 
hooks). A preliminary summary (Bovard, 1954) which for most 
measures showed relatively small differences among animals 
grouped alike in sex and X-ray classes prompted the optimistic 
addition of 12 measures in June, 1954. Three of these (dis­
tance from poll to eyes, muzzle width, and muzzle depth) were 
discontinued after one year, but were summarized by Cooper 
(1957), and are not included in this report. One measurement 
was added in May, 1955. The problem of choosing the measure­
ments was succinctly summarized by Waddington's (1950) state­
ment: "Biological objects are usually so complex that they 
possess an embarrassing number of characteristics capable of 
being measured." The body measures considered in this study, 
their abbreviations, and descriptions are listed below. 
They are illustrated in Figure 2. 
Figure 2. Locations of body measurements 
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Measure 
Heart girth 
Head width 
Width of eyes 
Abbreviation 
HG 
HW 
WE 
Head depth HD 
Head circum­
ference 
HC 
Jaw length 
Head length 
JL 
HL 
Width of chest WC 
Width of middle WM 
Front loin width PL 
Description 
Body circumference immediately 
behind withers and behind front 
legs 
Lateral distance between right 
and left zygomatic arches 
Lateral distance between right 
and left orbital margins; prior 
to June 10, 1955, WE was taken 
as distance between right and 
left medial canthi of the eyes 
Depth from dorsal rim of orbit­
al margin to the depression on 
the ventral edge of the posteri­
or portion of the mandible just 
anterior to the vertical ramus 
Circumferential distance in a 
circular plane perpendicular 
to the long axis of the head 
at a point midway between poll 
and eyes 
Longitudinal distance from 
vertical ramus of mandible to 
base of incisors 
Longitudinal distance along 
central axis of head from 
center of poll to tip of muzzle 
(i.e., from nuchal crest to 
alar cartilages) 
Minimum lateral body width, 
measured near olecranon (right 
and left) processes 
Maximum body width near the 
point of last rib 
Lateral width of loin measured 
at or near the region of second 
lumbar vertebra 
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Measure Abbreviation Description (continued) 
Rear loin width 
Width of hooks 
Width of thurls 
Width of pins 
Chest depth 
Middle depth 
Rear depth 
Length of back 
Body length 
Length of rump 
Wither height 
Tail length 
Cannon circumfer­
ence 
RL 
WHs 
WT 
WP 
CD 
MD 
RD 
LB 
BL 
LR 
WH 
TL 
CC 
Lateral width of loin measured 
at or near the region of fifth 
lumbar vertebra 
Lateral distance between outer 
edges of right and left tuber 
coxae 
Lateral distance between right 
and left trochanters 
Lateral distance between right 
and left tuber ishii 
Minimum vertical distance from 
floor of chest to point of with­
ers 
Maximum depth of body taken 
similarly to CD, and approxi­
mately in line vertically with 
points of reference for WM 
Minimum body depth taken at 
flank in a manner similar to CD 
and MD 
Longitudinal distance along 
animal's top-line from point of 
withers to right tuber coxa 
Longitudinal distance from an­
terior point of shoulders to 
posterior point of ishium 
Longitudinal distance from an­
terior surface of left tuber 
coxa to posterior surface of 
left tuber ischium 
Vertical distance from point of 
withers to ground 
Longitudinal distance from tip of 
last coccygeal vertebra to anus 
Minimum circumference of left 
metacarpus 
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Measure 
Knee circum­
ference 
Abbreviation Description 
KG Maximum circumference of left 
carput 
Cannon length CL Length of left metacarpus from 
bony process of accessory 
(fifth) metacarpal to hairline 
on dew claw 
Leg length LL Length from olecranon process 
to the ground 
The body measurements described above are listed in 
Table 2 according to the instrument used to obtain each, and 
according to the date from which each was regularly recorded ; 
explanation of the measures in the third column of Table 2 
which were recorded somewhat irregularly follows : 
WT was obtained regularly for all animals only until 
about 10 months of age ; thereafter accurate location 
of thurls (trochanters) was more difficult, and at 
later ages the calipers were too small to get reliable 
readings for all animals. 
WP was usually not obtained for animals over 400-500 
lbs. in weight; location of bony points of reference 
(tuber ischii) became difficult, and this measurement 
tended to excite animals. 
LR was not obtained initially until May 7, 1955. 
HC and LL were not obtained initially until September, 
TL was initially obtained in June, 1953, temporarily 
discontinued from May, 1955 until November 1955, and 
1953. 
obtained regularly for all animals thereafter. 
Measures in each column of Table 2 are later referred 
to as Classes 1, 2, and 3, respectively. 
Table 2. Body measurements obtained for Hereford calves born 
1952-1956 
Unit of Class 1 Class 2 Class 3 
Instru- measure- Measures first obtained Irregular 
ment ment June 20, 1953 June 26, 1954 
Large Inches CD VJC 
wooden 
caliper BL WM 
WH MD 
RD 
Small Inches HL JL WT 
steel 
caliper KW HD WP 
PL WG LR 
RL 
WHs 
Steel Centi-
tape meters HG 
CC 
CL 
kc 
LB 
HC 
LL 
TL 
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Calves bcrn in 1953 and 1954 were measured bi-weekly be­
ginning in June of each year, until reaching 400 lbs. body 
weight. Heifers were measured at 4-week intervals from weights 
of 400 lbs. to 600 lbs., and at 12-week intervals thereafter ; 
bulls were measured at 4-week intervals from 400 lbs. to 700 
lbs., and at 12-week intervals thereafter. Calves in the 1955 
calf crop were measured at 6-week intervals from birth to 30 
weeks of age and at 8-week intervals thereafter, most calves 
thereby being measured 7 or 8 times during the first year of 
age. Calves in the 1956 calf crop were first measured at 
about 12 weeks of age, again at weaning, and again at about 
9-10 months of age, most .1956 calves thus being measured only 
three times during their first year. Beyond yearling ages 
most animals were measured once every three months. 
In spite of efforts to obtain complete data for each 
animal (measuring schedules were not interrupted by unfavor­
able weather), examination of listings of all data for cer­
tain measures (e.g., WP or TL) would create the impression of 
a completely randomized, or even haphazard, design in collec­
tion of the data, particularly if the animals' birth-year 
groups were ignored. A few individuals which were easily 
measured when young were difficult to handle at a year or 
more of age. For example, it was occasionally necessary to 
suspend an animal*s right foreleg in order to get measures of 
CC, KC, and CL on the left foreleg; a few (less than 10) head 
25 
measurements for WE and HD were knowingly missed for the same 
reason. One heifer, tattoo 033, had the tip of its tail 
frozen at birtn and no TL data were obtained from this calf. 
All data for measures such as those are included in the be­
lief that incomplete information as described above, if un­
biased, is better than none. The entire mass of data provides 
a vivid illustration of difficulties caused by missing data, 
and how they sometimes arise, thus emphasizing the importance 
of careful consideration of experimental design where possi­
ble. 
All measurements were obtained with each animal standing 
in as nearly normal a position as possible. Measurements 
were taken by two different men during the first year, and by 
a third for the remaining time. Differences in measuring 
techniques among men have been ignored in this report. Touch-
berry and Lush (1950) found small but real differences betweai 
men in obtaining body measures of live animals. However, 
these were small in relation to the larger differences ob­
served among animals. 
2. Radiographic measurements 
Lateral lumbar radiographs were made for each calf in 
this experiment according to techniques described by Emmerson 
and Hazel (1956). Bodies of normal lumbar vertebrae as 
described in Sisson and Grossman (1953) and as seen in dairy 
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calves exhibit a symmetrical smooth concave ventral crest. 
Lumbar vertebrae of dwarf calves, in contrast, show extreme 
ventral extrusions from the bodies, decreased vertebral length 
and thickness, and appear to have been compressed endwise. 
Using as "normal1' the radiographic image observed in dairy 
calves and that of the dwarf as the extreme deviation from 
normal, a 9-point scale was developed to assess quantitatively 
the lumbar abnormality of each calf. A score of 1 designated 
normalcy and 9 indicated the most extreme abnormality. Minor 
departures from normality, such as asymmetry or lack of ventral 
curvature of the arch, were considered mild abnormalities ; 
number and size of ventral extrusions increased the score ac­
cordingly. 
Most calves in this experiment were X-rayed about 3 
days after birth, the oldest being 10 days. Regression of 
lumbar score on age was -.053 t .005 unit/day as reported by 
Bovard (1957), indicating changes in vertebral abnormality 
were about one unit in 20 days. In the same report the dif­
ferences between observers in scoring lumbar abnormality were 
small but real. For this reason vertebral abnormality as 
studied herein has been recorded for each calf as the sum of 
ratings by two observers. 
During the years 1952 through 1956, radiographs of all 
experimental calves were taken at the Veterinary Clinic, Iowa 
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State University,a few days after birth. In 1954 lateral ex­
posures of the metacarpus were obtained for each calf ; in 
1956 anterior-posterior views of the same area were obtained. 
From these films metacarpal length and three measures of 
width were recorded. The measures are illustrated for a 
normal calf in Figure 3 and are defined as follows: 
Li - length from proximal end to tip of distal condyle 
of diaphysis of metacarpus ; 
- maximum width at proximal end of the diaphysis of 
the metacarpus ; 
Wq - minimum width of main shaft of diaphysis of meta­
carpus ; and 
W3 - maximum width at distal end of diaphysis. 
The combined length of the six lumbar vertebrae was also 
measured for all available lateral lumbar exposures. This 
was the distance from the anterior epiphysis of the first 
lumbar vertebra to the posterior epiphysis of the last lumbar 
vertebra, as shown in Figure 4. 
Anterior-posterior radiographs of the right metacarpus 
were also obtained at weaning and yearling ages for all normal 
calves wintered at Anlteny during the feeding periods of 1955-
56 and 1956-57. Metacarpal radiographs were obtained from all 
Hereford calves born at Ankeny during this time and from 50 
normal Hereford calves of similar age born at the Albia ex­
perimental farm but which were wintered at Ankeny. The number 
Figure 3. Anterior-posterior radiograph of metacarpus of 
normal calf at birth 
Figure 4. Lateral radiograph of lumbar vertebrae of normal 
calf at birth 
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of animals represented in each age-location-sex-phenotvpe 
class appears in Table 3. 
Table 3. Number of metacarpal radiographs 
Phenotype 
Age Normal Dwarf Total 
Place of birth Albia Ankeny Ankeny 
Sex Female Male Female Male Female Male 
Weaning 22 28 29 20 4 3 106 
Yearling 19 24 27 15 85 
Radiographic exposures were made using a 30-inch film-
to-tube distance, with settings of 65 kilovolts, 10 rnilli-
?mperes, and .25 second time exposure at weaning. At year­
ling ages, kilovoltage was increased to 70, the time ex­
posure was .35 ± .05 second, depending on each individual's 
size, other settings remaining unchanged. One measure of 
metacarpal length and three of width were obtained. They are 
illustrated for a normal heifer at 374 days of age in Figure 
5 and are defined as follows : 
Lj^ - length from proximal end to distal condyle of meta­
carpus; 
W - maximum width of diaphysis of the metacarpus at 
distal end; 
W9 - maximum width of diaphysis near the center of the 
Figure 5. Anterior-posterior radiograph of right metacarpus 
of normal heifer calf at one year of age 
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shaft ; and 
- maximum width of marrow cavity of the diaphysis 
near the center of the shaft. 
If the cross-sectional bone pattern formed a perfectly cir­
cular outline, IV^-w would approximate twice the thickness 
of compact bone at this point. 
D. Methods of Analysis 
Zuckerman ( .1950) epitomized the problem of choosing ap­
propriate methods of analysis of growth in the statement : 
"...there is no single problem of growth, but as many as one 
wishes to create." Yates (1950) states that 
Much of the statistical work involved in the study of 
growth and form consists of the fitting of some math­
ematical relation to the observed data. This fitting 
may be carried out with a number of different pur­
poses in view, which may be classified as follows: 
(a) Descriptive, as for example, when a table of 
values is replaced by a simple equation ; 
(b) For the purpose of smoothing data ; 
(c) To enable objective comparisons to be made 
between groups of data, similar curves being 
fitted to different groups ; 
(d) To test whether some mathematical relation 
derived from other considerations is con­
firmed by the data ; 
(e) in an attempt to obtain an indication of the 
underlying physical laws. 
Analyses of data from this experiment have been conducted with 
the first four of the purposes described above as objectives. 
Yates concluded stating that 
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It seems to me improbable that any purely statisti­
cal approach will throw much light on the underly­
ing laws and control mechanisms that govern such 
complex phenomena. The proper role of statistics 
appears to be the much humbler but still vital one 
of isolating the salient features that represent 
growth and form, so that their interrelations with 
other factors can be appreciated. 
1. Growth curves 
The body measurement data are "mixed-longitudinal" in 
the sense described by Tanner (1951). Studies of growth with 
age may be classified as (1) cmss-sectional, where each 
individual is measured only once, thus all individuals studied 
at one age differ from those studied at previous or succeed­
ing ages. (2) pure longitudinal, where each individual is 
represented at every age, and (3) mixed-longitudinal, where 
some individuals appear more than once in the total period 
studied, but some fail to appear at every age considered. 
2. Regressions of body measures on age 
Using the P^n value for each animal (Figure 1), normal 
animals were classified in four probability groups : 
Probability group 1 - ?Nn = 1.00 
Probability group 2 - PNn = .67 to .40 
Probability group 3 - P^ = .39 to .20 
Probability group 4 - P^n =<..20 
For most body measures, data available from all normal 
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animals measured at least four times during the period from 
birth to 1 year of age were fitted for each sex to a curvilin­
ear regression of the form 
where 
^ijk "" + ^lijk + %ijk + 
Y—j.. = the kth observation on the j**1 animal in the i^ 
probability group ; 
i — 1... 4, j — l...n. and k — 1.. . 12 , ( k 4 ) , 
X. = days of age, 
- (X1)% and 
e . ., =a random error peculiar to the k**1 observation 
ijk 
on the animal of the i^^ probability group. 
In 1958, using data from 14 normal heifers with p^n< .20, 
a preliminary covariance analysis of body length with age 
showed 3 Missouri calves to be 2.96 inches shorter than 11 
calves from the Nagel and dwarf lines at three months of age. 
This was believed due to differences in average inbreeding, 
and the possibly large differences in genetic background ir­
respective of the dwarf gene. For this reason and because of 
few data from Missouri calves, they were excluded from re­
gression analyses. No regression analyses were made for the 
measures WP and LR because of too few unselected data for the 
former, and too few data for the latter. 
The breakdown of total degrees of freedom into portions 
of special interest is shown in Table 4, where 
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F = the number of independent variables considered, 
g = the number of probability groups, 
c = the number of calves, and 
N = the total number of observations» 
Table 4. Partitioning of degrees of freedom for regression 
analyses 
Source of variation Degrees of freedom 
Among probability groups 
Regr. of group means on age 
Dev(s). from regr. 
g-1 
P 
g-p-1 
Among calves within groups c-g 
Pooled regr. of calf means on age p 
Dev(s). from pooled calf mean regr. c-g-p 
Among group calf mean regr(s) p(g-l) 
Dev(s). from group calf mean regr(s). c-g(p*l) 
Among observations of same calf 
Pooled within-calf regr. 
Dev(s) from pooled within-
calf regr(s) 
Among group calf mean regr(s) 
Dev(s) from group within-
calf regr(s). 
Among calves* regr(s) 
Dev(s). from individual 
calf regr(s). 
N-c 
N—c=p 
P(g-D 
N-c-pg 
p(c-g) 
N-c(p+l) 
Total N-l 
3. Multiple regression of P n^ on body measures 
Some of the body measures described in the preceding 
section were then analyzed in a multiple regression equation 
of the form 
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PNn blXl + b2X2 * * bnXn 
where 
P^n = an animal's pooled probability of being Nn, and 
, X^. ...X were separate body measures, each of which 
had shown apparently large clean-carrier differences. This 
method was expected to indicate the relative predictive value 
of each of the body measures included. Tabular values for 
statistical significance of such information are somewhat 
exaggerated, however, since these variables were selected pri­
marily because of promising results from previous analyses. 
Because the most complete information was obtained for 
those measures originally recorded (i.e., Class 1), because 
none of the measures added in June, 1954 and later (i.e., 
Classes 2 and 3) were obtained for the 1953 calves prior to 
one year of age, and because a large fraction of the animals 
at the two extremes of the P^ scale were from the 1953 calf 
crop, measures included in the multiple regression analyses 
of this section were limited to those first obtained in 1953. 
Lumbar abnormality score, measured only at birth, was also in­
cluded as one of the measurements expected to have some geno-
typic predictive value. 
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IV. RESULTS AND DISCUSSION 
A. Growth Curves 
Growth curves for weight and the 26 body measurements 
appear for each sex-phenotype class in Figures 6 to 32. Each 
point on the curve represents the average for all animals of 
that class measured at that age. 
The age range was divided into 19 periods of unequal 
length as follows: (1) the first 12 periods were 30 days 
each, (2) periods 13-16 were 60 days each, (3) periods 17 
and 18 were 100 days each, and (4) period 19 included meas­
ures at ages exceeding 800 days. For animals measured more 
than once within a period, only the first observation was used. 
The number of animals from which data were obtained was pre­
sented earlier in Table 1. The total number of observations 
included in each sex-phenotype curve is listed in Table 5. 
For Class 1 measures the total number of available observa­
tions is equal, or nearly so. Similarly, measures from Class 
2 have approximately the same total number of observations. 
Examination of the several growth curves shows: (1) an 
obvious trend of increasing size with age, with normals gen­
erally larger than dwarfs, and males larger than females of 
the same phenotype, especially at later ages, for nearly all 
measures, and (2) irregular fluctuations among consecutive 
periods in some of the curves, especially at ages beyond one 
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Table 5. Number of observations included in each simple 
growth curve 
Dwarf Normal Total 
Variable Female Male Female Male 
Weight 88 41 575 548 1352 
HW 88 41 575 556 1260 
WE 61 31 378 388 858 
DH 61 31 378 390 860 
HC 85 40 541 530 1196 
JL 61 32 377 389 859 
HL 88 41 575 556 1260 
WC 61 32 378 390 861 
WM 61 32 378 290 861 
HG 88 41 575 556 1360 
PL 88 41 575 556 1260 
RL 88 41 575 556 1260 
WHs 88 41 575 556 1260 
wr 78 40 465 504 1087 
WP 32 25 201 364 522 
CD 88 41 575 556 1260 
IV D 61 32 378 390 861 
RD 61 32 378 390 861 
LB 61 32 378 390 861 
BL 88 41 565 5.39 1323 
LP 17 7 178 130 332 
WH 88 41 575 555 1259 
TL 81 38 463 496 1078 
CC 88 41 575 556 1260 
KC 61 32 377 390 860 
CL 88 41 575 556 1360 
LL 85 40 543 539 1196 
Total 1983 968 12680 12596 38237 
year. This variation may be largely explained as a consequence 
of the accidental inclusion or exclusion of particular animals 
in consecutive periods. Since none of the calves was meas­
ured in all of the 19 periods, each curve represents repeated 
sampling on successive occasions with only partial replacement 
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of units. The variable effect thus created was largest for 
the 1956 calves, most of which were measured only three times. 
It was also prevalent in bulls over one year of age, since 
several were transferred from Ankeny to neighboring states 
for progeny testing. Not all such bulls returned to Ankeny 
after being tested, but those which did were measured along 
with others of the same age. 
Another reason for fluctuation in the curves of average 
growth is the seasonal variation in average condition, per­
haps most apparent between ages of 550 and 750 days. Year­
lings received little or no grain but adequate roughage during 
their second winter. Temporary losses of condition are not 
unusual under these circumstances. Furthermore, several of 
the two-year-old heifers calved toward the end of their second 
winter. Measurements just prior to calving would be affected 
by unusually good condition, and those just after calving 
would be affected conversely. Some of this is known to have 
occurred. 
In studies of mature height in British males, Morant 
(1950) found an average decrease of one inch every 22 years 
following attainment of mature height at approximately 21 
years of age. He attributed this to normal shrinkage of the 
intervertebral discs of the spinal column. A similar effect 
may be expected to occur in cattle, and would presumably af­
fect measures such as BL and LB. However, animals studied 
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at the ages included herein could not be considered to have 
yet attained maturity. Under these circumstances this possi­
ble explanation has not been considered valid. 
Sampling errors in the measurements provide another ex­
planation for the fluctuation of the growth curves. Accuracy 
of certain skeletal measures, e.g., CC and HIV, is known to be 
greater than for those measures affected strongly by stance 
or condition, e.g., WC and BL. This may also be seen in the 
correlations of duplicate measures of 39 calves at six weeks 
of age appearing in Table 6. At later ages, increased flesh­
ing makes location of certain bony points of reference more 
difficult and tends to decrease accuracy for measures such as 
WP and WT. 
The sample of dwarf animals included in this study is ad­
mittedly a select group, since, under farm conditions, those 
few dwarfs which survive to weaning are usually sold for 
slaughter. Points on the dwarf growth curves include a much 
smaller number of animals than those for normals (see Table 1), 
with the dwarf curves beyond one year of age based on only 
one, two, or three animals. Throughout the following discus­
sion these qualifications of the dwarf growth curves should 
be borne in mind. 
Significant features of the several groups of body meas­
ures are discussed below. 
Table 6. Mean and correlation of duplicate measures for 39 
calves measured at 6 weeks of age 
Measure Mean Cor relation 
HL 10.0 in. .96 
JL 8.2 in. .94 
DH 5.5 in. .95 
HC 52.8 cm. .98 
WE 4.4 in. .84 
HW 5.2 in. .99 
CD 12.2 in. .90 
MD 11.5 in. .94 
RD 10.3 in. .82 
HG 83.6 cm. .98 
WC 7.9 in. .75 
WM 9.4 in. .90 
PL 4.9 in. .96 
RL 5.6 in. .97 
WHs 7.4 in. .98 
wr 8.6 in. .98 
WP 4.8 in. .97 
LR 9.6 in. .98 
LB 38.7 cm. .84 
BL 27.8 in. . 86 
WH 27.7 in. .91 
KC 20.6 cm. .95 
CC 11.7 cm. .99 
CL 16.8 cm. .92 
LL 44.3 cm. .95 
1. General size 
Until about 400 days of age, weight (Figure 6) increases 
almost linearly with age in normal cattle. While nearly all 
body measures show a slight downward curvilinearity by an 
age of one year, weight does not show this tendency until a 
later age. In fact, weights of normal bulls show a slight 
Figure 6. Growth in weight with age 
Cl 
1000 
800 
5 600 
o" Qm — — — — — -O-* 
o> 
O °~"  
d—d Normal  mole 
o—o Normdl female 
o--a  Dwarf  male 
o-—o Dwarf  female 
400 
200 
800 600 400 200 
Age (days)  
45 
upward curvilinear trend at about 300 days. This is com­
patible with common knowledge that beef bulls' post-weaning 
gains on growing rations usually exceed their pre-weaning 
gains. Heifers also received a growing ration following 
weaning, but their gains were less than those of bulls. Dwarf 
bulls were smaller than dwarf heifers at birth, but reached 
average weights at a year of age which approached those of 
normal heifers and significantly exceeded those of dwarf 
heifers. 
Curvilinear trends in weight and the several body meas­
ures were mentioned briefly above. Rrody (1945) states 
"...the shape of all age curves of growth, whetner of indi­
viduals or populations, is sigmoid." Aspects of this curvi-
linearity during the first year's growth are treated in a 
quantitative manner in the following section and will not be 
discussed further here. 
Each of the body measures is largely affected by an ani­
mal's general size. General, size may be defined in several 
ways, one of the most common being body weight. It may be 
seen that sharp fluctuations in the curves of weight are gen­
erally reflected in the curves for most body measures by 
fluctuations of similar magnitude and direction. This cor­
respondence is not perfect, however, since at ages less than 
one year the weight curve includes all animals while Class 2 
and some Class 3 measures do not include the 1953 calves. 
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Growth of HG with age (Figure 7) closely follows that 
of weight. Heart girth, sometimes called "chest girth", is 
another common index of general size, and is preferred by 
some to weight because of smaller sampling errors. Ternan 
et al. (1959) state "Heart girth appears to be a more suit­
able measure of size than body weight for studies of growth 
and form." 
2. Head measures 
Until about a year of age, dwarfs are well within the 
normal range for width and depth measures of the head (Fig­
ures 8 - 13). Toward the end of the first year, dwarf males 
are larger than normals in HW, WE, and HC, in spite of their 
smaller general size. For the same measurements dwarf females 
approach, and occasionally exceed, values of normal females. 
Dwarfs are slightly less and significantly less than normals 
for JL and HL, respectively. 
Curves for WE (Figure 9) exhibit more extreme fluctua­
tions among consecutive periods than curves for any other 
measure studied. In addition to reasons suggested previously 
for this effect, the WE curves clearly illustrate the effect 
of changing the method of measurement during the course of 
the investigation. WE, as measured between the medial canthii 
of the eyes prior to June 10, 1955, was slightly less than 
Figure 7. Growth in heart girth (HG) with age 
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Figure 8. Growth in head width (HW) with age 
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Figure 10. Growth in he ad depth (IID) with age 
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when measured thereafter as the distance between orbital 
margins. No data were obtained as an objective measure of 
this difference but presumably it would increase with age. 
3. Body width 
Dwarfs are only slightly less than normals for WC (Fig­
ure 14) until about a year of age, this difference increas­
ing thereafter. However, dwarfs are clearly wider than 
normals in the middle region as measured by WM (Figure 15) 
until at least a year of age and nearly equal to normals 
thereafter. This is additional evidence that the dwarf gene 
primarily affects skeletal development, the development of 
muscles and internal organs apparently being less affected 
grossly. This is also objective confirmation of the dwarf's 
increasingly "pot-bellied" appearance as it matures. 
4. Thickness of loin and pelvic area 
Dwarfs of both sexes are distinctly smaller than normals 
in loin width, both front and rear (Figures 16 and 17). Loin 
width, as measured herein, provides a crude estimate of the 
growth of the transverse processes of the lumbar vertebrae, 
whose abnormalities at birth were considered as a promising 
diagnostic criterion (Emmerson and Hazel, 1956). The dis­
tinct and consistent separation of dwarf and normal curves 
for loin width therefore has special significance. 
Figure 14» Growth in width of chest (WC) with age 
Ck 
c 
ex 
CO 
<u 
sz 
o 
4-
o 
_c 
"O 
200 400 600 800 
Age (days) 
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Figure 16. Growth in width of front loin (FL) with age 
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Figure 17. Growth in width of rear loin (RL) with age 
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Dwarf-normal differences smaller than those of the loin 
were found in external widths of the pelvic area as measured 
by WHs, WT, and WP (Figures 18-20). Absolute differences in 
Mis between sexes within phenotypes are quite small at all 
ages, and when viewed in terms of general size, females are 
significantly larger than males, particularly at later ages. 
This is one of the manifestations of gross differences be­
tween sexes in skeletal development, Differences among the 
sex-phenotype curves in WT more closely followed those of 
general size: differences among all. four classes in WP were 
relatively small at all ages reported. 
5. Body depth 
Despite large dwarf-normal differences in CD (Figure 21) 
at birth, these decrease during the first few montns, then 
later increase. Dwarf males approach, and finally slightly 
exceed normal females in CD, dwarf females remaining the 
smallest class after about 6 montns. Differences among the 
four curves are smaller in MD, a characteristic less affected 
by skeletal development. The fact that dwarfs clasely ap­
proach normals in this measure, in spite of smaller general 
size, is another indication of the characteristic "pot­
bellied" appearance of dwarfs. Differences in RD among the 
four classes are all relatively small, until ages beyond one 
year. 
Figure 18. Growth in width of hooks (WHs) with age 
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Figure 20. Growth in width of pins (MP) with age 
N$ 
JO 
yv-° 
D? 
i 
200 400 
A g e  
600 800 
(days) 
Figure 21. Growth in chest depth (CD) with 
F 
200 400 600 800 
A g e  ( d a y s )  
Figure 22. Growth in middle depth (MD) with age 
-o 
o 20 
c 
200 400 
A g e  ( d a y s )  
600 800 
Figure 23. Growth in rear depth (P 0) ivith age 
20 
,o-
-o-
-Cf. c 
JO 
I— 
o 
<u 
£E 
200 400 
Age (days) 
600 800 
83 
6. Body length 
The measure LB (Figure 24) was added in June, 1954 in an 
attempt to avoid measuring errors in BL (Figure 35) induced 
by increased muscling in the rear quarter with age - Although 
data for LB prior to one year of age do not include the 1953 
calves, curves for LB and BL are in good agreement. Both 
measures show dwarfs clearly smaller than normals at all ages, 
with female s nearly as large as males of the same phenotype 
until about 9-10 months of age. Curves for LP (Figure 26) 
contain fewer data than any of the others presented, with 
points at ages beyond one year representing animals different 
from those prior to one year„ Differences between sexes with­
in phenotypes, and between phenotypes appear to be primarily 
an index of general size. 
7. Height 
Wither height (Figure 27) is another characteristic, 
showing obvious and complete dwarf-norma3. separation at all 
ages. That this measure is less affected by variations in 
condition is indicated by the absence of sharp fluctuations 
among consecutive periods in the four sex-phenotype curves. 
Data from the curves again provide objective information on 
the familiar quantitative dwarf-normal differences in stature. 
Figure 24. Growth in length of back (LB) with 
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Figure 26. Growth in length of rump (LR) with age 
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Figure 27. Growth in wither height (MI) with age 
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8. Tail length 
The somewhat unorthodox measure, TL (Figure 28), was 
originally intended to determine whether the apparent dwarf 
gene effects observed in X-rays of the lumbar vertebrae might 
also be present in the coccygeal vertebrae. Preliminary 
studies of tail X-rays had shown no visible gross abnormali­
ties of these bones similar to the exostoses and asymmetrical 
curvature seen in the lumbar area. Dwarf-normal differences 
in TL are large and consistent; within phenotypes differences 
between males and females are relatively small until ages 
beyond one year. 
9. Leg measures 
Radial bone growth, as measured by CG in the metacarpus 
(Figure 29), appears to be little, if at all, affected by the 
dwarf gene. There is, however, a distinct separation of males 
and females in this characteristic. Like similar differences 
in HIV (Figure 8), and WHs (Figure 18), this is another indica­
tion of differential skeletal development between sexes. Dif­
ferences in KG (Figure 30) between sexes within phenotypes 
are similar to those seen in CC, but are less distinct for 
several reasons: (1) prior to one year of age, fewer data 
were available, (2) measuring errors in ICC are larger than 
those in CC, and (3) bone growth in this region is not en-
Figure 28. Growth in tail length (TL) with age 
70 
m 
o-" 
?50 D% 
Q- - U 
,Û—D 
-a 
30 
200 400 600 800 
Age (days) 
Figure 2 9„ Growth in cannon circumference (CC) with age 
Cannon circumference (cm.) 
ro 
O 
o 
o 
o 
0) 
o 
o 4-c 
00 
o 
o 
96 
Figure  30. Growth  in knee c ircumference  (kC) with  age  
Knee circumference (cm.) 
o 
o 
+-0 
<n 
o 
o 
oo 
o 
o 
86 
Figure 31. Growth in cannon length (CL) with age 
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tirely radial, but includes some longitudinal growth of the 
several carpal bones. 
Complete separation of dwarfs and normals in CL and LL 
is evident (Figures 31 and 32), and like dwarf-normal dif­
ferences in WH and BL, provides a quantitative measure of 
certain profound skeletal differences generally acknowledged 
by those with dwarf experience. Sawin and Crary (1957) 
found the dachs (dwarf) rabbit significantly shorter (P <.01) 
than homozygous normals in metacarpal length, but differences 
among genotypes in metacarpal width were negligible. In this 
experiment phenotypic comparisons of the same measures in 
cattle are in good agreement with their results. 
B. Curvilinear Regression Analyses 
Linear and quadratic regression values for each body 
measure were calculated for each sex from total sums of 
squares and products. Results of these analyses are shown 
for females in Table 7, and for males in Table 8. 
Linear and quadratic regressions for all body measures 
were significantly different from zero (P < .01), except 
the quadratic term for WC of males. This is objective con­
firmation of the well-known fact that growth of calves in 
most characteristics during the first year is largely linear, 
but with a gradual decrease in growth impulse toward the end 
Table 7. Values from total regression analyses of body measures of heifer 
calves 
Phenotypic 
area Measure 
N 
Y-inter-
cept Linear terms 
bl S^1 
Quadratic terms 
x 103 4 
t>2 Sbg 
General size Weight 395 70.9 lbs « 1.529 . 0118 1923.00 
HG 437 73.6 cm. .3174 . 0115 -.3188 .0309 32.80 
Head HW 437 4.7 in. .0150 .0005 — .0228 .0015 .07 
WE 258 3.9 in. .0119 .0010 -.0152 .0028 .17 
HD 258 5.0 in. .0187 .0008 -.0253 . 0020 .09 
HC 404 46.5 cm. .1813 .0064 -.2492 .0170 9.29 
JL 258 7.4 in. .0236 .0010 -.0299 .0026 .15 
HL 437 9.0 in. .0306 .0009 -.0376 .0025 .21 
Width WC 258 6.9 in. .0290 .0020 — .0186 .0054 .63 
WM 258 7.1 in. .0638 .0032 -.0624 .0088 1.69 
Thickness of FL 437 4.3 in. .0217 . 0011 — .0126 .0030 .31 
loin and RL 437 4.8 in. .0268 .0012 -.0220 .0031 .34 
pelvic area WHs 437 6.1 in. .0380 .0014 -.0353 .0037 .46 
WT 307 7.4 in. .0354 .0017 -.0583 .0062 .33 
Depth CD 437 10.7 in. .0488 .0015 — .0564 .0040 .55 
MD 258 9.4 in. . 066 0 .0026 -.0834 .0070 1.06 
RD 258 8.8 in. . 0474 .0024 -.0548 .0065 .92 
Table 7. (Continued) 
Phenotypic Y-inter-
area Measure cept Linear terms Quadratic terms 
N by b^ x 10^ 
sb? 
Length LB 258 32.3 cm. .1855 .0077 -.2734 .0210 9.50 
BL 437 23.7 in. .1105 .0035 -.1413 .0095 1.75 
Height WH 437 24.6 in. .0742 .0027 -.0964 .0072 1.33 
Tail TL 359 33.4 cm. .1053 .0078 -.1414 .0201 9.98 
Leg CC 437 10.8 cm. .0275 .0013 -.0346 . 0036 .45 
KC 258 18.9 cm. .0420 .0025 -.0472 .0068 .99 
CL 437 15.9 cm. .0263 .0019 -.0396 .0051 .90 
LL 404 41.3 cm. .0990 .0050 -.1435 .0132 5.60 
Total 8561 
Table 8. Values from total regression analyses of body measures of bull calves 
Phenotypic 
area Measure 
N 
Y-inter-
cept Linear terms Quad ratic terms 
b0 bl sbi X 
b2 
103 
st>2 
°E 
General size Weight 418 81.9 lbs. 1.410 .0150 1.3490 .0399 2909.16 
HG 447 75.0 cm. .3121 .0129 
-.2277 .0349 41.69 
Head HW 447 4.9 in. .0142 .0006 -.0145 .0015 .08 
IVE 289 3.9 in. . 0107 .0010 -.0102 .0027 .16 
HD 289 5.1 in. .0194 .0009 -.0236 .0024 .13 
HC 424 47.9 cm. .1881 .0065 -.2208 .0174 10.23 
JL 289 7.6 in. .0241 .0013 -.0300 .0035 .26 
HL 447 9.1 in. .0302 .0011 -.0304 .0031 .32 
width WC 292 7.2 in. .0312 .0024 -.0128 .0067 1.01 
mi 292 7.2 in. .0704 . 0031 
-.0732' . 0086 1.66 
Thickness of FL 447 4.3 in. ;0224 .0012 -.0114 .0032 .34 
loin and RL 447 4.9 in. .0262 .0012 -.0175 .0032 .35 
pelvic area Wis 437 6.2 in. . 0371 . 0013 —.03 06 .0036 .43 
WT 336 7.6 in. . 036 0 .0020 -.0538 .0070 .44 
Depth CD 450 10.8 in. .0498 .0016 -.0525 .0043 .65 
MD 292 9.4 in. .0733 .0025 -.0943 .0070 1.09 
RD 292 8.9 in. .0521 .0023 -.0695 .0064 .91 
Length LB 289 33.3 cm. .1950 .0092 
-.2774 .0251 13.87 
BL 447 24.2 in. .1052 .0040 -.1084 .0109 4.05 
Table 8. (Continued) 
Phenotypic Y-inter-
area Measure 
N 
cept 
b0 
Linear 
bl 
Height WH 447 24.6 in. .0787 
Tail TL 391 32.9 cm. .1116 
Leg CC 447 11.6 cm. .0259 
KC 289 19.9 cm. .0484 
CL 447 15.8 cm. .0292 
LL 419 40.7 cm. .1161 
Total 9511 
terms Quadratic terms 
Sb, x 103 
bn 
.0029 -.0949 .0078 2.07 
.0084 -.1337 .0318 12.43 
.0015 -.0189 .0040 .54 
.0036 -.0462 .0098 2.12 
.0020 -.0429 .0054 1.01 
.0056 -.1726 .0150 7.38 
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of this time. Curvilinear (quadratic) regression values were 
negative for all body measures in both sexes. That for weight 
in bulls, however, was positive, indicating that average 
daily gains at about a year of age are significantly larger 
than during the first few months of age. The quadratic term 
for weights of heifers was non-significant as shown in Table 9. 
Table 9. Variation in weights within heifer calves 
Source d. f. SS MS F 
Reduction 
fitting 
due to 
X i 1 7, 494,711 7,494, 711 16,880. 00** 
Reduction 
X? after 
due to 
• fitting x2  1 665 665 1. 50 
Reduction 
X^ and > 
due to 
vO o 7, 495,376 3,747, 688 8,441. 00** 
Remainder 348 154,494 444 
Total 350 7, 649,870 
* and **, above and hereafter, denote statistical signifi­
cance at the .05 and .01 probability levels, respectively 
The Y-intercepts, or b^ values, show males equal to or 
slightly larger than females for most characteristics at 
birth. This is doubtless largely a consequence of the general 
size difference associated with the average difference between 
sexes in birth weight. There is good agreement between sexes 
in the magnitude of linear regressions, or bj_ values, with 
males generally slightly larger than females for each measure. 
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This agrees with the general observation that on the average 
males are larger than females of the same age and that this 
difference increases with age. There is also reasonably good 
agreement between sexes in the magnitude of the quadratic re­
gressions, or b^ values, for each measure. In contrast to 
the linear terms, however, most b9 values are slightly larger 
for females than those for males. This suggests that females 
more nearly attain mature general size by one year of age 
than do males when both are full-fed a growing ration. Values 
in the extreme right-hand columns of Tables 7 and 8 represent 
one-half the mean squared difference between two animals of 
the same sex measured at the same age. For most measures 
males were more variable than females. 
Analyses similar to those described above were conducted 
for each probability group in each sex for the same variables. 
Differences between probability group 1 (known carriers) and 
probability group 4 (those with P^, <.20)in estimates of the 
Y-intercepts, or bg values, and the linear regressions, or b^ 
values, appear in Table 10. Nearly all differences which ex­
ist at birth are relatively small in terms of the total vari­
ation. With some exceptions, discussed in more detail below, 
there is a definite tendency for differences which exist at 
birth to be diminished by converse, and therefore compensatory, 
differences in growth rate as measured by the linear regres­
sion values. For most variables the algebraic sign for the 
110 
Table 10. Mean differences in certain total regression values 
between probability groups 1 and 4 (i.e., group 1 -
group 4) 
Females Males 
Phenotypic DiTTerences in: Differences in: 
area Measure Y-inter- Linear re- Y-inter- Linear re-
cept gression cept gression 
b0l"b04 bll"b14 b01~b04 bll"b14 
General Weight lbs. 3.73 -.167 -10.76 -.238 
size 
KG cm. -.24 -.0061 -5.21* .0037 
Head HW in. .1^ -.0018 -. 16 . 0006 
m in. -. 16 .0004 .22 -.0055 
HD in. .20* -.0035* .05 -.0034 
IiC cm. .97 -.0117 -1.56 -.0074 
JL in. .20 -.0031 -.23 -.0024 
HL in. .09 -.0028 -.33 -.0002 
Width WC in. .19 -.0059 -.84* -.0064 
Wi in. .23 .0006 -.66 .0001 
Thickness FL in. .14 -.0029 -.31 -.002 3 
RL in. .16 -.0043 -.30 -.0032 
WHE ; in. .13 -.0016 -.53* .0014 
WT in. .04 -.0010 -.78** .0049 
Depth CD in. .00 -.0005 -.63* .0008 
MD in. . 36 —.006 3 -1.49** .0019 
RD in. .40 -.0077 -1.60** .0120 
Length LB cm. -.35 -.0139 .39 -.0427 
BL in. -.08 -.0035 -2.08* .0105 
Height m in. -. 36 -.0006 -1.13* .0050 
Tail TL cm. -.47 -.0043 -2.41 -.0050 
Leg CC cm. .41* -.0056 -.35 -.0015 
KG cm. .43 -.0108 -1.67* -.0036 
CL cm. -.48 -.0004 -.96* .0062 
LL cm. -1.21 -.0014 -3.11* .0117 
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difference between groups 1 and 4 in the Y-intercept is op­
posite to that for the difference between groups in linear re­
gression values for the same measure. For example, carrier 
(group 1) heifer calves were estimated to be .16 inch larger 
in HW at birth than heifers in group 4. However, group 4 
heifers' daily linear growth in HW exceeded that of group 1 
heifers by .0018 inch/day, so that by approximately 100 days 
of age, the difference between groups would be nearly zero. 
A similar effect may be seen for several other measures with 
values of opposite algebraic sign in the two columns of re­
gression values appearing for each sex in Table 10. 
Some body measurements in each sex showed differences be­
tween groups 1 and 4 of like algebraic sign in both bg and b^ 
regression values. In all cases, carriers (group 1) were 
smaller at birth than group 4 calves, and subsequently grew 
at a slower rate. This suggests that differences between the 
two groups, although usually small at birth, gradually increase 
with age, thereby increasing the measurement's diagnostic 
value. For heifers these measures were LB, BL, WH, TL, CL 
and LL. For the bulls they were weight, HC, JL, HL, WC, FL, 
RL, TL, CC and KO. As judged by the number of measures show­
ing such differences, and by their relative magnitude, growth 
patterns of bulls are evidently more affected by the dwarf 
gene than those of heifers. As shown in Table 10, group dif-
1 In­
ferences in measures of vertebral growth such as FL, RL, and 
TL seem to clearly indicate that the dwarf gene continues to 
affect skeletal development in this area long after birth. 
This effect is also apparently larger in males than in females. 
In order to examine variation among regressions of groups 
and of individual calves, a rather complete analysis of body 
lengths of heifers was made. Results appear in Table 11. 
Differences in average body lengths among the four probability 
groups were small. Differences among calf means within groups 
were significant (P < .01). These differences were larger 
when adjusted for average age differences. As judged by the 
F value of .38, differences among group regressions computed 
from calf means were smaller than would be expected on the av­
erage from a population where no difference existed. A highly 
significant (P .001) pooled within-calf regression was com­
puted from sums of squares and products within calves. Sim­
ilar within-calf regressions were computed for each prob­
ability group, but these were statistically not different 
from each other. Perhaps the most important finding from 
this analysis was that highly significant (P < .01) differ­
ences exist among individual calves' regressions. In other 
words, the calves were growing in body length at significantly 
different rates. Considering that for weight or any body 
measure, differences which exist among individuals at birth 
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Table 11. Regression analysis for body length of heifers 
Source ci.f. M.S. F 
Among probability groups 3 60.56 1.02 
Regr. of group means on age 2 83.92 6.06 
Dev. from regr. 1 13.85 
Among calves/groups 40 59.65 1.71** 
Pooled regr. of calf 
means on age ' 2 828.3 8 43.17** 
Dev. from pooled regr. 38 19.19 
Among group regr(s) 
of calf means 6 8.12 
Dev. from group regr(s). 32 31.27 
JO 
Within calves 343 34.97 
Pooled within-calf regr. : 5798.66 4998.84** 
Dev. from pooled regr. 34.1 1.16 
Among group within-
calf regr(s). 6 1.46 1.26 
Dev. from group regr(s) 335 1.16 
Among calves' regr(s)/ 
groups 80 1.85 1.97** 
Dev. from indiv. regr(s). 155 .94 
Total 386 
tend to increase with age, this phenomenon—correlation of 
mean and variance--must therefore be due to differential 
growth rates among animals. Thus, the findings regarding 
differences in calves' regressions are in accord with biologi­
cal expectations. 
Following the analysis of body lengths in heifers, simi­
lar analyses were conducted for each sex using the variables 
weight, RL, TL, CL, and LL. Results of these analyses appear 
in Tables 12 - 16. As was true in the body length analysis 
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Table 12. Regression analyses for weight 
Source d.f. M.S. F 
Heifers 
Among probability groups 3 45,760 1.21 
Among calves/groups 41 37,722 1.73** 
Within calves 350 21,857 
Pooled within-calf regr. 1 7,494,711 16,842«05** 
Dev. from pooled regr. 349 445 
Among group within-
calf regr)s). 3 882 2.00 
Dev. from group regr(s). 346 441 
Among calves*regr(s)./ 
groups 41 2,454 14.44** 
Dev. from individual 
regr(s). 305 170 
Total 394 
Bulls 
Among probability groups 3 115,416 2.56 
Among calves/groups 43 45,142 1.39 
Within calves 371 32,579 
Pooled within-calf regr. 2 5,908,125 8,049.22** 
Dev. from pooled regr. 369 734 
Among group within-
calf regr(s). 6 3,702 5.40** 
Dev. from group regr(s). 363 685 
Among calves' regr(s)/ 
groups 86 2,359 14.30** 
Dev. from individual 
regr(s). 277 165 
Total 417 
with heifers, significant differences were found among calves8 
regressions in all cases (P< .05 for TL in heifers, P<.01 
for all others). These analyses (Tables 12 - 16) further 
demonstrate that growth of males is clearly more affected by 
the dwarf gene than that of females. There is a successive 
reduction in error variance by removal of that variation as-
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Table 13. Regression analyses for rear loin width 
Heifers 
Source d.f, h.S. F 
Among probability groups 3 8.27 1.23 
Among calves/groups 41 6.73 2.02** 
Within calves 350 3.34 
Pooled within-calf regr. 2 559.40 3855.1.7** 
Dev. from pooled regr. 348 .14 
Among group within-
calf regr(s). 6 .28 1.98 
Dev. from group regr(s). 342 .14 
Among calves'regr(s)/ 
groups 82 .28 2.90** 
Dev. from individual 
regr(s). -60 .10 
Total 394 
Bulls 
Among probability groups 3 21.33 3.74* 
Among calves/groups 43 5.70 1.65** 
Within calves 371 3.45 
Pooled within-calf regr. 2 614.20 4265.28** 
Dev. from pooled regr. 369 .14 
Among group within-
calf regr(s). 6 .52 3.75** 
Dev. from group regr(s). 363 .14 
Among calves' regr(s)/ 
groups 86 .36 5.00** 
Dev. from individual 
regr(s). 2.1.7 .07 
Total 417 
sociated with the pooled within-calf regression, within-calf 
regressions of groups, and individual calves' regressions, re­
spectively. 
From the five within-calf regression analyses just de­
scribed, the bQ and b^ values for probability groups 1 and 4 
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Table 14. Regression analyses for tail length 
Heifers 
Source d.f. M.S. F 
Among probability groups 3 264.43 3.09* 
Among calves/groups 30 85.52 3.22** 
Within calves 268 26.57 
Pooled within-calf regr. 2 3203.30 1151.70** 
Dev. from pooled regr. 266 2.69 
Among group within-
calf regr(s). 6 13.67 5.^2** 
Dev. from group regr(s). 260 2.43 
Among calves' regr(s)./ 
groups 6 0 3.11 .1.4 0* 
Dev. from individual 
regr(s). 200 2.23 
Total 301 
Dulls 
Among probability groups 3 470.37 3.96* 
Among calves/groups 35 118.74 3.59** 
Within calves 317 33.04 
Pooled within-calf regr. 2 4,871.70 2104.41** 
Dev. from pooled regr. 315 2.32 
Among group within-
calf regr(s). 6 11.27 5.26** 
Dev. from group regr(s). 309 2..14 
Among calves' regr(s)./ 
groups 70 3.97 2.47** 
Dev. from individual 
regr(s). 239 1.61 
Total 355 
of each sex were compared. Results are presented in Table 17. 
Algebraic signs of these differences are in good agreement 
with similar comparisons from group total regressions pre­
sented in Table 10. In magnitude, however, the bg differ­
ences from the within-calf analyses (Table 17) are generally 
smaller, and the b^ differences slightly larger than those 
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Table 15. Regression analyses for cannon length 
Source 
Heifers 
d. f. M.S, F 
Among probability groups 3 
Among calves/groups 41 
Within calves 350 
Pooled within-calf regr. 2 
Dev. from pooled regr. 348 
Among group within-
calf regr(s). 
Dev. from group regr(s). 
Among calves' regr(s)./ 
groups 
Dev. from individual 
regr(s). 
6 
342 
82 
20 0 
10.67 
6.48 
1.86 
283.75 
.24 
.52 
.24 
.57 
.14 
Total 394 
Bulls 
Among probability groups 3 
Among calves/groups 43 
Within calves 371 
Pooled within-calf regr. 
Dev. from pooled regr. 
Among group within-
calf regr(s). 
Dev. from group regr(s). 
Among calves' regr(s)./ 
groups 
Dev. from individual 
regr(s). 
2 
369 
11 
9 
1 
325 
6 
363 
86 
277 
.63 
.40 
.97 
.15 
. 2 2  
.58 
.21 
. 46 
.14 
Total 417 
1.65 
3.48** 
1162.91** 
2 .16*  
4.16** 
1.24 
4.77** 
1491.52** 
2.75* 
3.41** 
from the total group regressions in Table 10. 
Results of regression analyses presented in this section 
indicate a small but definite effect of the dwarf gene upon 
growth patterns of normal calves, this effect being signifi­
cantly larger in males than in females. The significant 
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Table 16. Regression analyses for leg length 
Heifers 
Source d.f. M.S. F 
Among probability groups 3 104.37 .1.39 
Among calves/groups 41 74.86 3.49** 
Within calves 317 31.47 
Pooled within-calf regr. 3 3039.75 1317.05** 
Dev. from pooled regr. 315 3.31 
Among group within-
calf regr(s). 6 1.78 .77 
Dev. from group regr(s). 309 3.33 
Among calves' regr(s)./ 
groups 83 3.37 1.6 5** 
Dev. from individual 
regr(s). 337 1.98 
Total 361 
Bulls 
Among probability groups 3 371.70 3.42* 
Among calves/groups 43 79.33 2.85** 
Within calves 344 37.87 
Pooled within-calf regr. 3 4386.95 1845.58**, 
Dev. from pooled regr. 343 3.38 
Among group within-
calf regr(s). 6 8.78 3.88** 
Dev. from group regr(s). 336 3.36 
Among calves' regr(s)./ 
groups 84 4.04 3.43** 
Dev. from individual 
regr(s). 353 1.67 
Total 389 
variation in growth rates among normal calves of both sexes, 
however, seems to preclude reliable prediction of individual 
dwarf genotype from any of the measures studied. 
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Table 17. Mean differences in certain within-calf regression 
values between probability groups 1 and 4 (i.e., 
group 1 - group 4) 
Unit 
of 
Measure measure 
Females 
Differences in: 
Y-inter- Linear re-
cept gression 
b01-b04 birb14 
Males 
Differences in: 
Y-inter- Linear re-
cept gression 
b0l"b04 b!l-b14 
Weight 
RL 
TL 
CL 
LL 
lb. 
in. 
cm. 
cm. 
cm. 
,18 
, 2 0  
10 
24 
24 
.0300 
-.0039 
-.0074 
-.0033 
-.0069 
-2.86 
-.19 
-1.55 
-.87 
-1.39 
-.1832 
-.0034 
-.0108 
. 006 3 
-.0011 
C. Multiple Regression Analyses 
Data for lumbar X-ray score at birth and 8 body measure­
ments at 6 months of age were available from 50 heifers and 
54 bulls. Analyses of variance showing the reduction in P^n 
due to fitting these variables are presented in Table 18. 
Sample means, estimates of the regressions, their respective 
t values, and error variances are shown for each sex in 
Table 19. 
The algebraic sign of each regression corresponds to the 
algebraic sign of the mean phenotypic difference of Nn-NN. 
For example, the positive value for regression of X-ray score 
on P.TQ indicates that animals with high X-ray scores are ex-
120 
Table 18. Reduction in p due to regression on phenotypic 
measures 
Source d. f. ss us 
Females 
Reduction due to X -j -Xq 9 17,563 
Remainder 40 33,664 
Total 49 51,227 
1,951 
842 
2.32* 
Males 
Reduction due to X^-Xg 9 19,723 
Remainder 44 27,575 
Total 53 47,298 
2,191 
627 
3.49** 
Table 19. Values from multiple regression analyses 
Females Males Regres-
sion Sample Regression "Sample Regression 
term Description mean value t mean value t 
Y 
5 
B3 
% 
6 
b9 
a: 
56. 75 53. 05 
Y-intercept 244. 07 -6. 56 
X-ray score 4. 60 3. 02 1 .38 6. 96 2. 78 3 . 02** 
BL (in.) 37. 96 1. 91 .38 38. 48 4. 19 1 .35 
VIH (in.) 34. 25 13. 14 2 .13* 35. 16 10. 25 2 .16* 
CC (cm.) 14. 28 -12. 23 1 .09 15. 27 -3. 89 .37 
CL (cm.) 19. 12 -19. 86 2 . 96** 19. 44 — 5. 91 .98 
TL (cm.) 47. 02 -1. 86 .83 47. 85 -1. 71 1 .32 
HL (in.) 12. 90 -13. 96 .78 13. 30 8. 43 .66 
RL (in.) 8. 57 -11. 24 .88 8. 66 -38. 53 2 .76** 
KG (cm.) 115. 83 1. 68 1 .07 119. 23 —. 03 .02 
841. 61 626. 70 
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pected to have high P^n- Conversely, negative values for re­
gressions (e.g., CL, TL, RL) indicate that small values of 
the measure are associated with large Pj^n. In general, re­
sults from the multiple regression analyses are in agreement 
with results from curvilinear regression analyses of the 
previous section. It is noteworthy that all measures of 
vertebral abnormality (i.e., X-ray score, PL, and TL) were 
of greater predictive value in males than in females, as de­
termined by the statistical significance of their respective 
regressions. The measure CL appears to have much more pre­
dictive value in heifers than in bulls, and this is in accord 
with results of radiographic measures of metacarpal length 
presented in the following section. The indication that Nn 
of both sexes are longer-bodied than NN is not very reliable, 
and is only in mild disagreement with results presented for 
heifers in Table 10. Similarly, the suggestion from results 
in Table 19 that Nn are taller at withers (Wll) than NN of both 
sexes is confirmed by results shown for bulls in Table 10, 
but in mild disagreement with those for heifers. The effect 
of general size, as measured by HG, is small in both sexes. 
The standard error of an individual prediction, when 
transformed back to original percentage form, is 23.5% for 
heifers, and 17.9% for bulls. Such a phenotypic estimate of 
an animal's Pjs,n could presumably be combined with independent 
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estimates from pedigree and/or progeny test, but the wide 
standard error attached to an individual prediction seems to 
limit the practical value of this information. Furthermore, 
to the extent that differences in average growth rates be­
tween NN and Nn as estimated from regression analyses in the 
previous section are reliable, the relative predictive values 
of the several characteristics included would be constantly 
changing during the growing period. 
0. Radiographic Measurements 
Radiographic measures of the metacarpal and the lumbar 
regions at birth have been illustrated in Figures 3 and 4, re­
spectively. Results of analyses of these data are shown in 
Table 20. Most of this information has been presented in 
unpublished form (Bovard e_t al., 1956) and is included here 
for comparison with similar measures at later ages, and to 
give a more complete analysis of dwarf-normal skeletal dif­
ferences, and of their changes with age. 
Large dwarf-normal differences in lumbar length and in 
metacarpal length at birth were found, those in width being-
smaller, and less reliable due to fewer data. Six differ­
ences adjusted for birth weight were negligible in measures 
of length, but were significant in width. These findings 
are in agreement with results of sex and dwarf-normal com­
parisons of similar external measurements of the metacarpus 
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Table 20. Radiographic measures at birth, all in centi­
meters (from Bovard et al., 1956) 
Measure Symbol Dwarf calves Normal calves 
X No. No. Male-
Female 
Regr. on 
birth wt. 
2 
CTE 
Lumbar 
length - 14. 59 20 15. 89 131 . 06 .046**1.005 .256 
Metacarpal 
length " Ll 10. 52 12 13. 70 68 -.07 .032**1.009 .324 
Metacarpal 
width % 4. 31 3 4. 57 34 .15** .020**1.004 .032 
lV*9 2. 55 3 2. 51 34 .11** .005* 1.002 .013 
W3 3. 71 3 4. 08 34 . 16** .006 +.003 .025 
(CC and CL) presented earlier; chronologically the differ­
ences at birth precede the latter. Most of the radiographic 
measures were definitely affected by general size, as measured 
by their respective regressions on birth weight. 
Findings from studies of metacarpal length and three 
similar, but slightly different, measures of width at weaning 
and yearling ages appear in Table 21. Dwarf measures, avail­
able only at weaning, are limited but seem to differ from 
normal more in length, relatively much less in width. Sex 
differences within dwarfs and normals show males larger than 
females, the differences being larger in width than those in 
length relative to the total variation. 
Using data at weaning and yearling ages, from calves born 
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at Ankeny, the regression of each measure on each animal's 
pooled P^ïn value was computed for each sex at each age. Re­
sults of these analyses appear in Table 22, and suggest that 
the dwarf gene affects metacarpal growth in length more, and 
that in width less, if at all. 
Table 21. Radiographic measures of metacarpus at weaning and 
yearling ages (all in centimeters) 
Normal calves 
of age X No. X No. 
Length L1 
Females 199 
394 
13.85 4 18.03 
19.50 
51 
46 
.436 
.542 
Males 304 
403 
13.20 3 18.41 
30.04 
48 
39 
.432 
.582 
Width W1 Females 199 394 
5.10 4 6.13 
6.71 
51 
46 
.115 
.096 
Males 304 
403 
5.30 3 6.53 
7.39 
48 
39 
.060 
.208 
Width 
'h Females 199 
394 
3.14 4 3.34 
3.83 
51 
46 
.044 
.041 
Males 204 
403 
3.17 3 3.50 
4.36 
48 
39 
.026 
.043 
Width 
^3 Females 199 
394 
2.00 4 1.92 
1.97 
51 
46 
.033 
.039 
Males 304 
403 
1.91 3 3.12 
2.19 
48 
39 
.018 
.037 
aSymbo3 used in text and Figure 5 to describe same 
measure 
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Table 23. Regressions of metacarpal X-ray measures on 
pooled 
Females Males 
Sym- Age : Weaning Yearling Weaning Yearling 
Measure bola No.: 29 27 20 15 
Metacarpal 
length Ll -.0107* -.0117** -.0096 -.0091 
Metacarpal 
width Wi —.0036 -.0040* -.0002 .0011 
Metacarpal 
width Wo -.0003 -.0005 -.0003 -.0028 
Metacarpal 
width w3 -.0004 -.0005 -.0019 -.0005 
aSymbole! used in text and in Figure 5 to describe same 
measure 
Dwarf-normal differences as measured from radiographs of 
the metacarpus at birth and at weaning are larger in length, 
relatively .less in width. On the other hand, differences be­
tween sexes within each phenotype are larger in width measures, 
those of length being small at birth, but with males longer 
than females at later ages. From dwarf-normal comparisons, 
and the limited data from normal calves in Table 22, the 
dwarf gene apparently affects metacarpal growth in length 
much more than that in width. These results confirm findings 
from similar external live animal measures, and are in good 
agreement with results of Sawin and Crary (1957) in similar 
studies of the metacarpi of dachs rabbits. 
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V. SUMMARY AND CONCLUSIONS 
Growth patterns of 130 normal and 17 Snorter dwarf Here­
ford calves were studied in an effort to measure differences 
between dwarfs and normals of each sex, as well as differ­
ences between Heterozygous and homozygous normal animals. 
Weight, several body measurements, and radiographic measures 
were included at ages from birth to 400 days. 
Gross anatomical differences between dwarf and normal 
calves are largest in skeletal measures of longitudinal bone 
growth. Complete separation of the two phenotypes existed 
for measures of HL, FL, RL, BL, LB, Mi, TL, CL, and LL. 
Dwarfs were within tne range of normal variation for other 
primarily skeletal measures such as Hlv, HD, CO and KC. Dwarf 
values of RD, MD, and IvM, measures which are less affected 
by skeletal development, were near normal until about one year 
of age. The difference in size between dwarf and normal 
calves, which definitely increases with age, is therefore due 
to large differences in rates of skeletal growth, primarily 
in the development of the appendicular skeleton, and, to a 
less extent, to the vertebral growth of the axial skeleton. 
Phenotypic differences between NN and Nn calves at birth, 
as estimated from regression analyses, were relatively small 
for most characteristics. There was an indication, particu­
larly with males, that Nn calves were distinctly shorter-
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bodied and shorter-legged at birth than NN. The practice of 
early selection and subsequent special care of calves showing 
desirable conformation may thus have led many purebred breed­
ers to nave unwittingly selected a large proportion of Nn 
calves as "show prospects." Selection preference for Nn at 
this age and under these circumstances seems, in retrospect, 
h more tenab? «• e>-p3 an at ion for increasing dwarf frequency 
than preference expressed at later ages less than one year, 
when such differences are generally smaller, and more nearly 
obscured by individual variation. 
Results from repression analyses of most measures showed 
that such clean-carrier differences as may exist at birth are 
diminished by opposite, and therefore compensatory, differ­
ences in growth rate. Per example, Nn heifers were .15 inch 
larger in Hi; than NN at birth, but daily linear growth in lilv 
of NN heifers was .0019 inch greater than that of Nn. The 
converse was true with bulls, where NN were .15 inch larger 
in Hl\; than Nn at birth, but the latter class grew . 0005 inch 
per day more than NN. The diagnostic value of some measures 
which showed large dwarf-normal differences (i.e., CL, LI,, 
TL, and RL) apparently increases as calves grow older, however, 
since carriers are generally smaller at birth and subsequent 
growth in these measures is less than that of NN. For most 
such measures, this effect was larger in males than in females. 
Extensive within-calf regression analyses of weight, RL, 
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TL, CL and LL were calculated, for normal calves of each sex. 
Differences in average growth rates among groups classified 
according to their p_ were significant (P <.05) for all 
measures of bull calves, but significant (p <.05) only for CL 
and TL of heifers. Differences among growth rates of indi­
vidual calves were significant for all measures (P <..05 for 
TL in heifers, P <. 01. for all others studied). The finding 
that Nn bulls' average daily weight gain is approximately .18 
lb./day less than for NN places additional emphasis on breed­
ers' growing interest in selection of animal s with rapid 
growth. Differences in daily weight gains between NN and Nn 
heifer calves were negligible. 
Multiple regression analyses of on X-rav score at 
r  
'  l \ I i  
birth and several body measures at o months of age were cal­
culated from data on 50 heifers and 54 bulls. Results were 
in general agreement with findings from curvilinear regression 
analyses of the same measures. They showed measures of X-ray 
score, RL, W1I, BL and TL to be of greatest predictive value 
for bulls ; measures of CL, WH, and X-ray score had greatest 
predictive value for heifers. Multiple correlations of P^ 
with nine phenotypic measures were .59 and .65 for heifers 
and bulls, respectively. Relatively large errors (t.24 in 
heifers, 1.18 in bulls) in predictions of individual geno­
types from body measures, coupled with changes with age in 
the predictive values of most measures caused by differential 
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growth rates of Nn and NN, seemed to limit the diagnostic 
value of this technique. The tremendous variability among 
normal animals is a serious handicap to accurate diagnoses or 
predictions of individual genotypes. 
Linear measurements from radiographs of the lumbar spine 
and metacarpus at birth, and of the metacarpus at weaning and 
yearling ages indicated that the dwarf gene affects skeletal 
growth in length much more than in width. Among normal ani­
mals , males were significantly (P <.05) larger than females 
in metacarpal width at all ages. 
Results of analyses of weight, body measurements and 
radiographic measurements clearly indicate that, among the 
measures studied herein, the Snorter dwarf gene primarily af­
fects longitudinal bone growth and vertebral development in 
the lumbar and coccygeal region. Its effects upon males were 
larger than upon females for nearly all measures. Results of 
comparisons of dwarf with normal calves, and among groups of 
normal calves are in good agreement with published results of 
similar studies in other specie s. Further investigation of 
clean-carrier phenotypic differences would seem to be more 
nearly a matter of academic interest than was true a decade 
ago. 
The normal allele of the Snorter dwarf gene was orig­
inal] y considered to be completely dominant in heterozygotes. 
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Proponents of the selection preference theory for explaining 
the increase in dwarf frequency believed the heterozygote +o 
be preferred for some characteristics of desirable beef con­
formation. Analyses of the present body of growth data sug­
gest that on the basis of body proportions carrier calves 
did have some slight average advantages at birth and shortly 
afterward. For most characteristics carriers were inter­
mediate between NN and nn. This pattern was more distinct in 
males than in females. However, individual variation in size 
and proportions was so great that body measurements, when 
they are the sole source of information, can be of little 
practical use in discriminating between clean and carrier ani­
mals. 
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